Abstract-We have performed the measurement of the trapped charge density on the gold-coated glass substrates under electronirradiation in scanning electron microscope (SEM), using the socalled electrostatic influence method. We show that the generated internal electric field shortens the penetration depth of incident electrons, leading to spurious effects for microanalysis such as the migration of mobile ions.
I. INTRODUCTION
For a bulk insulators coated with a grounded conductive layer, although the layer prevent external effects of the trapped charge but a fraction of incident electrons witch remains trapped below the coating generate an internal electric field. This fraction of trapped charge may disturb the micro beam analysis and leads to loss of ionizations that reduces the number of generated X-ray photons. It is worth noticing that only negative charges are implanted below the surface, leading to a negative trapped charge density [1] . To take into account these effects, an original method is proposed for such a dynamical investigation of the trapping proprieties of coated insulating samples submitted to electron irradiation in a scanning electron microscope (SEM). This method allows to determine the trapped charge density below the coating by using the electrostatic influence method based on the measurement, during and after the irradiation, of the influence current using an arrangement adapted to the SEM. Moreover, if the trapped charge density is known, it is possible to estimate the corresponding internal electric field in the spite of the absence of the external charging effects. In this study, the charging and discharging time constants have been determined. The results clearly show that the time taken for the specimen to fully charge up or to discharge is primary beam energy dependent. The illustration concerns the charging of gold-coated glass substrates.
II. EXPERIMENTAL AND ELECTROSTATIC CALCULATION

A. Principle
For bulk insulators coated with a metallic grounded layer the secondary electron (SE) emission is restricted to the grounded coating, so that only negative charges are implanted below the surface leading to a negative trapped charge Q. This charge produces positive "influence" charges (i.e. image charges) in all conductor pieces of the SEM chamber and mainly in the specimen holder (metallic probe), is as follows:
(1) where K is the electrostatic influence factor that depends on the thickness, dielectric permittivity of the sample and on the electrical characteristics of the media surrounding the sample. The Q time-variation produces a displacement current, I d , between the metallic probe and the ground, given by:
If K is known, the trapped charge is calculated by integrating the current I d (t) measured from the grounded probe, using the following relation [2] :
B. Samples and handling
The material studied is a gold glass substrate. The dielectric constant and the density are 3.9 and 2.6 g/cm 3 , respectively. Prior to the experiments, a ~ 15 nm thick gold film was deposited onto the surface of the glass substrate (0.95 mmthick) in a vacuum evaporator. We study the charging of a virgin sample of material (one with no previous charge history), so that each sample was irradiated only once. The experimental arrangement (see Fig.1 ) is described in detail in our previous work [3] . The metallic disk, acting as an image-charge probe, is set inside the enclosure on an insulating disk made of Teflon to avoid any electrical contact between the probe and the cup.
C. Proposed model of the electrostatic field
It is possible to use simple electrostatic considerations to deduce the electric field built up and the trapped charge, Q, from the above described measurements. To correlate the measured image charge Q im to the trapped charge Q and then to determine the proportionality coefficient K, one has to simplify the corresponding electrostatic problem. The metallic coating of uniform thickness, t, is bounded by the vacuum at z = 0, the metallic specimen holder acting as an image charge-probe (measure of the displacement current I d ) is set at z=h and at a distance h-t S from the backside of the sample. The boundary conditions used here agree with a simplified structure of the set up shown on Fig.2 . For the sake of simplicity, the charge distribution c (x,y,z) (resulting from the charges trapped in the specimen) is considered to be a constant up to a depth R, equal to the maximum penetration depth of incident electrons. This model for the charge distribution is similar to that previously used to explain the field-assisted diffusion of mobile species in grounded coated glasses [4] or to predict some charging effects in EPMA of insulators [5, 6] . It has also be used with uncoated insulating specimens for explaining the correlation between SE emission and charging [7, 8] .
In such a one-dimensional problem, one has to solve the Poisson equation that takes the simplified form:
where c is the density of trapped charges (in C/cm 3 ), which is negative (trapping of incident electrons). c = Q/RS or c = /R where is the negative surface density of trapped charge in C/ cm 2 . Integrating Eq.4 in each region of the coated sample and taking into account the boundary conditions (continuity of potential and of the normal component of the displacement vector D = E), the V(z) and F(z) functions are then easily established and the result is illustrated on Fig.3 . In the dielectric and inside the irradiated area (0 < z < R), the potential function takes a parabolic form and it reaches a minimum value near z ~ R:
where R is the maximum penetration depth of the incident electrons. In the same region, the internal field, F in , directed towards the bulk, takes its maximum value F Max at the coating/specimen interface and it decreases linearly down to nearly R. In the dielectric, but outside the irradiated area, R < z < t S , and in the gap (vacuum) between the insulator and the metallic probe t S < z < h, there is no trapped charge, then the fields are uniform and the potential function decreases linearly. The final result is the relationship between the image (or influence) charge developed on the metallic probe Q im and the trapped charge Q: Q im = K.Q where K is given by:
This result is a function of the penetration depth, R, of incident electrons. Various expressions have been proposed for R. Here and only for an estimate, the so-called Kanaya & Okayama expression may be chosen [9] . 
where E 0 is the primary beam energy in keV, A is the average atomic weight in g/mol, is the density in g/cm 3 , and Z is the average atomic number. With average values (atomic number Z = 10 and weight A = 20 g/mol), the electron penetration depth is 3.5 m at E 0 = 18.5 keV. The corresponding K factor is estimated to be ~ 10 -3 . 
B. Trapped charge density
This K estimate, may be used to evaluate the trapped charge density as a function of time, under and after electron irradiation. The result is shown on Fig.5 . With the onset of e-irradiation, the trapped charge density increases with time, goes through a saturation value S and subsequently drops to a saturation value ' S (see Fig. 5 ) when the beam is switched off (this last situation occurs generally when the discharge is possible). As previously reported [10, 11] This time constant, decreases with the increase of the primary energy. The decrease of is related to the increase of electric field assisted migration of sodium ions towards the bulk which induces a conductivity rise, leading to the emphasis of the trapped charge release [12] . Hence, the rise of the conductivity will lead to the shortest time to reach the saturation of trapped charge when the primary beam energy increases.
It is worth noticing that when the electron beam is blanked (at t f ) only a part, , of the trapped charge density is released. The remain charge at a time t > t f is then given by [10] :
where ' S is the remain trapped charge after discharging, is the trapped charge density evacuated from the insulator during the time of discharging ( S -' S ) and ' the characteristic time of discharging. ' and ' S are found to be 11.2 s and 1.63 10 5 e -/ m², respectively. The two relevant parameters to describe the charge releasing process are the fraction / S and the time constant of the released charge, '. These parameters are shown in Table. Table. 2. Fraction of the released charge and the time constant of discharging ' as a function of primary beam energy for glass at fixed 3 nA primary beam current.
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The value of is far less than unity indicating that the deposited charges have not completely released and some of them are trapped on surface (below the grounded coating) or bulk traps of the sample. When the primary beam energy increases (increase of the mean-electron penetration-depth), an increase of is observed. This is due to the fact that the released charge is evacuated to the ground following both the surface (below the grounded coating) channel and the bulk channel of the sample [12] . The characteristic time of discharging ' (see Table. 2) decreases with the increase of the primary beam energy. In fact when the energy of incident electrons increases, their range increases also and more charges are trapped in deepness in the sample producing an increase of the strength of electric field which when it reaches a critical value triggers the detrapping process via the conductive coating. Therefore the leakage current (ionic and electronic currents) [12] through the volume of the material and along its surface (below the grounded coating) increases leading to a decrease of time constant.
C. Other considerations and consequences
The values of the maximum field F Max and of the trapped charge density t result from the numerical application of Eqs (4) and (5). More than the underlying assumptions of the naïve model of charge distribution being used to establish Eq. (6), there is the problem of the estimate of R. Eq. (7) corresponds to the penetration depth of an uncharged specimen while the electric field progressively established induces an electric slowing down of the primary electrons, below the coating of about V m [3] . Consequently a better estimate consists in combining Eqs (5) and (6) 
and to insert this value in Eq. (7) with V q -E (7) at the steady state, the effective energy is not E 0 (18.5 keV) but it is close to m 0 V q -E (17 keV) and the corrected value of K is probably 15% less than the calculated value using the uncharged expression for R. The experimental results are shown in Fig.6 . The calculated values for F max and t are shown in Fig.7 . These results show that the maximum electric field (at the coating dielectric interface) is nearly constant. In the other words, the permanents rearrangement of the charge distribution during the irradiation leads rapidly to an equilibrium between different processes in competition [7, 8] . Due to the decrease in the length of the trajectories by the electric field slowing down, the maximum penetration depth R of the incident electron is shortened in presence of trapped charges and our initial calculation overestimates R and underestimates therefore the amount of trapped charges and the maximum field F max . Consequently the coefficient K evolves during the irradiation (it decreases) and this fact may also be deduced from K calculations based on the same amount of trapped charges Q t but with a different charge distribution c . It certainly also evolves slightly in the opposite direction when the beam is off because the detrapping processes progressively expend the irradiated volume, leading to an increase of K. Fig. 7 . Calculated maximum penetration depth R as a function of the primary beam energy E 0 , (full squares : using Eq. (7), full triangles : using Eq. (7) but changing E 0 1.66 into (E 0 -q V m ) 1.66 ). The change of the trapped charge density (open circles) and the maximum field (open triangles) (at the coating dielectric interface) is also reported on the right y-axis.
IV. CONCLUSION
In this study we have estimated the trapped charge density beneath the coating and the corresponding internal electric field in spite of the absence of external charging effects. We show that the internal electric field shorten the penetration depth of incident electrons. As a consequence, the conductive coating of an insulating specimen allows the external slowing down and deflection of primaries to be prevented, but the electric field below the surface is reinforced, leading to spurious effects for microanalysis such as the migration of mobile ions. The time constants of the charging and discharging phenomena have been determined and their dependence on the primary beam energy have been reported.
